SOLENOID VAIiVE-EQUIPPED EXPANSION VALVE 
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BACKGROUND OF THE INVENTION 

(1) Field of the Invention 
This invention relates to a solenoid valve-equipped 

expansion valve in which a solenoid valve and an expansion 
valve are integrated with each other, and more 
particularly to a solenoid valve-equipped expansion valve 
used in a rear-side circuit of an automotive air- 
15 conditioning system which is capable of air-conditioning a 
front side and a rear side of a vehicle compartment, 
independently of each other. 

(2) Description of the Related Art 

Conventionally, as an automotive air-conditioning 
20 system, a refrigeration cycle is used in which a front 
evaporator and an e^^ansion valve associated therewith, 
and a rear evaporator and an expansion valve associated 
therewith, are arranged in parallel with each other, so as 
to make it possible to perform air conditioning control of 
25 a front side of a vehicle compartment and that of a rear 
side of the same independently of each other. 

When the front-side refrigeration cycle is being 
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used, the rear-side refrigeration cycle is not necessarily 
used. Therefore, a solenoid valve serving as a stop valve 
is provided in a rear-side circuit, and when the rear-side 
refrigeration cycle is not being used, refrigerant is 
5 inhibited from flowing. 

In view of installation spaces and costs for 
installing the stop valve and the expansion valve for the 
above use, a solenoid valve-equipped e^^ansion valve has 
been proposed in which the stop valve and the expansion 

10 valve are integrated with each other (see e.g. Japanese 
Unexamined Patent Publication No. 11-182983 (FIG. 2)). 

In the solenoid valve-equipped expansion valve of 
this kind, the integration of the stop valve and the 
expansion valve is a mere combination thereof in which the 

15 function of the stop valve and that of the expansion valve 
are independent of each other. On the other hand, a 
solenoid valve-equipped e3q>ansion valve has been proposed 
in which a valve element of the stop valve is configured 
to be commonly used as a valve element of the expansion 

20 valve, thereby making the valve structure compact in size 
(see e.g. Japanese Unexamined Patent Publication No. 11- 
304298 (FIG. 1 to FIG. 4)). 

However, the above solenoid valve -equipped expansion 
valve in which the stop valve and the expansion valve have 

25 a common valve element is configured to be pilot-operated, 
which brings about the problem of complicated construction 
of the valve. 
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SUMMARY OF THE INVENTION 
The present invention has been made in view of the 
above circumstances, and an object thereof is to provide a 
5 solenoid valve -equipped expansion valve simplified in 
construction . 

To solve the above problem, the present invention 
provides a solenoid valve -equipped expansion valve in 
which an e3q>ansion valve for adiabatically es^anding 
10 refrigerant and a stop valve for opening and closing a 
refrigerant passage are integrated with each other, 
characterized by comprising a driving force-transmitting 
member inserted into a valve hole of the expansion valve 
in an urged state such that the driving force-transmitting 
15 member is always in abutment with a power element, a 
common valve element commonly used by the ea^ansion valve 
and the stop valve, the common valve element being 
disposed on an opposite side of the valve hole of the 
expansion valve to the power element, such that the common 
20 valve element is axially movable by being guided by the 
driving force-transmitting member, a spring for urging the 
common valve element in a valve-closing direction with 
respect to the driving force -transmitting member, and a 
solenoid for electromagnetically coupling the common valve 
25 element and the driving force-transmitting member with 
each other when the solenoid is energized, to thereby 
transmit displacement of the power element to the common 
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valve elemen'b. 

The above and other objects, features and advantages 
of the present Invention will become apparent from the 
following description when taken in conjunction with the 
5 accompanying drawings which illustrate preferred 
embodiments of the present invention by way of example. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a diagram of an automotive air- 
10 conditioning system to which is applied a solenoid valve- 
equipped expansion valve according to the present 
invention . 

FIG. 2 is a longitudinal cross-sectional view 
showing an example of the construction of a solenoid 
15 valve -equipped expansion valve according to a first 
embodiment . 

FIG. 3 is a longitudinal cross -sectional view 
showing an example of the construction of a solenoid 
valve -equipped expansion valve according to a second 
2 0 embodiment . 

FIG- 4 is a longitudinal cross-sectional view 
showing an example of the construction of a solenoid 
valve -equipped expansion valve according to a third 
embodiment . 

25 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Hereinafter, embodiments of the present invention 
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will be described in detail with reference to the drawings. 

FIG. 1 is a diagram of an automotive air- 
conditioning system to which is applied a solenoid valve- 
equipped es^ansion valve according to the present 
5 invention . 

The automotive air-conditioning system is capable of 
ai^"Conditioning a front side and a rear side of a vehicle 
conrpartment, independently of each other. A compressor 1, 
a condenser 2 , an expansion valve 3 , and a front 

10 evaporator 4 form a refrigeration cycle of a front-side 
air conditioning system, while a solenoid valve -equipped 
expansion valve 5 and a rear evaporator 6, which are 
connected in parallel with a circuit of the e^ansion 
valve 3 and the front evaporator A, form part of a 

15 refrigeration cycle of a rear-side air conditioning system. 

High-tenperature and high-pressure refrigerant 
compressed by the compressor 1 is supplied to the 
condenser 2, where the refrigerant is caused to exchange 
heat with air outside the compartment, and condensed to 

20 liquid refrigerant. This liquid refrigerant is sent to the 
expansion valve 3 and the solenoid valve-equipped 
expansion valve 5. The expansion valve 3 causes the liquid 
refrigerant to undergo ad i aba tic e^^ansion to be changed 
into low-texnperature and low-pressure refrigerant in a 

25 gas-and-liquid-mixed state, and supplies the refrigerant 
to the front evaporator 4 . The front evaporator 4 causes 
the refrigerant supplied from the escpansion valve 3 to 
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exchange heat wlt:h air in the front side of the vehicle 
compartment or air introduced from outside into the 
compartment to thereby evaporate the refrigerant. The 
evaporated gaseous refrigerant is returned to the 
5 compressor 1. At this time, the expansion valve 3 detects 
the temperature of the refrigerant at an outlet of the 
front evaporator 4, and controls the flow rate of the 
^refrigerant such that a predetermined degree of superheat 
is maintained. 

10 Similarly, in the solenoid valve-equipped expansion 

valve 5 as well, the liquid refrigerant condensed by the 
condenser 2 is caused to undergo adiabatic expansion to be 
changed into low- temperature and low-pressure refrigerant 
in a gas-and-liquid-mixed state, and supplied to the rear 

15 evaporator 6. The rear evaporator 6 causes the refrigerant 
supplied from the solenoid valve -equipped expansion valve 
5 to exchange heat with air in the rear side of the 
compartment to thereby evaporate the refrigerant. The 
evaporated gaseous refrigerant passes through the solenoid 

20 valve -equipped es^ansion valve 5 and returns to the 
conipressor 1. At this time, the solenoid valve -equipped 
expansion valve 5 controls the flow rate of the 
refrigerant by detecting the temperature and pressure of 
the refrigerant delivered from the rear evaporator 6. 

25 When the rear-side air conditioning system is not 

used, the solenoid valve -equipped expansion valve 5 blocks 
a refrigerant passage in the rear-side air conditioning 
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system so as to Inhibit refrigerant from flowing into a 
rear-side circuit. 

Next, a description will be given of an embodiment 
of the solenoid valve -equipped expansion valve 5 . 

FIG. 2 is a longitudinal cross -sectional view 
showing an example of the construction of a solenoid 
valve -equipped expansion valve according to a first 
embodiment of the invention. In FIG. 2, so as to 
simultaneously show a state in which the solenoid valve- 
ec[uipped expansion valve is functioning as a stop valve 
for blocking a refrigerant flow passage, and a state in 
which the valve is functioning as an ordinary expansion 
valve whose valve lift is controlled, as far as a valve 
element and a movable portion of a solenoid are concerned, 
a right side from the center of the figure shows a valve 
closed state of the valve in which the solenoid is 
deenergized, and a left side frcnn the center of the figure 
shows a state of the same in which the solenoid is 
energized and the valve is functioning as an es^ansion 
valve • 

The solenoid valve -equipped expansion valve 5 
according to the present invention comprises a body block 
11 accommodating the stop valve and a valve portion of the 
e^^ansion valve, a power element 12 for sensing the 
temperature and pressure of refrigerant returned from the 
rear evaporator 6, and a solenoid 13 for switching the 
solenoid valve-equipped expansion valve 5 between the 



function of the stop valve and that of the expansion valve. 

The body block 11 has side portions formed with a 
port 14 for receiving high- temperature and high-pressure 
refrigerant from the condenser 2, a port 15 for supplying 
5 low- temperature and low-pressure refrigerant adiabatically 
expanded by the solenoid valve-equipped expansion valve 5, 
to the rear evaporator 6, a port 16 for receiving 
^refrigerant returned from the rear evaporator 6, and a 
port 17 for delivering the refrigerant received by the 

10 port 16 to the compressor 1. 

A fluid passage communicating between the port 14 
and the port 15 has a valve seat 18 integrally formed with 
the body block 11. A shaft 19 is disposed in a manner 
extending through a valve hole forming the valve seat 18 

15 in a longitudinal direction of the solenoid valve-equipped 
expansion valve 5. The shaft 19 has an upper end in 
abutment with a center disk 21 disposed on an underside 
surface of a diaphragm 20 of the power element 12, and a 
lower end supported by a bearing portion 23 formed in a 

20 core casing 22 of the solenoid 13. 

On an upstream side of the valve seat 18, a common 
valve element 24 is disposed in a manner opposed to the 
valve seat 18 such that the c<»maon valve element 24 can 
move to and away from the valve seat 18, using the shaft 

25 19 as a guide, whereby a gap between the valve seat 18 and 
the common valve element 24 forms a variable orifice for 
throttling the flow of the high -pressure refrigerant, and 
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tJie high-pressure refrigerant is adiabatically expanded 
when it flows through the variable orifice. 

The common valve element 24 is held by a first core 
25 of the solenoid 13, which is disposed in a manner 
5 axially movable using the shaft 19 as a guide. The first 
core 25 operates as a movable core for actuating the 
common valve element 24. Below the first core 25 is 
disposed a second core 26 rigidly fitted on the shaft 19 
for operating as a fixed core. The second core 26 is urged 

10 upward by a spring 27. The shaft 19 is urged by the spring 
27 such that it is always in abutment with the power 
element. Further, a spring 28 is disposed between the 
first core 25 and the second core 26. When the solenoid is 
deenergized, the spring 28 urges the first core 25 in a 

15 direction in which the first core 25 moves away from the 
second core 26, whereby the common valve element 24 held 
by the first core 25 is always seated on the valve seat 18 
to maintain a fully-closed state of the solenoid valve- 
equipped expansion valve 5. A solenoid coil 29 is disposed 

20 outside the core casing 22. When the solenoid coil 29 is 
energized, the first core 25 and the second core 26 are 
attracted to each other, whereby the common valve element 
24 and the shaft 19 are electromagnetically coupled with 
each other to thereby transmit the displacement of the 

25 diaphragm 20 of the power element 12 to the common valve 
element 24. 

It should be noted that so as to prevent internal 
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leakage of refrxgeran-b in whxch refrigerant: leaks toward a 
downs'tream side of the valve portion through a gap between 
the common valve element 24 and the shaft 19 when the 
solenoid valve-equipped expansion valve 5 is closed, a V 
5 packing 30 is disposed in a space formed between the 
common valve element 24 and the first core 25. 

In the solenoid valve -equipped expansion valve 5 
constructed as cG^ove, when the rear-side air conditioning 
system is not used, the solenoid 13 is in a deenergized 

10 state. Therefore, the first core 25 is urged by the spring 
28 in the direction in which it moves away from the second 
core 26, so that the common valve element 24 held by the 
first core 25 is seated on the valve seat 18. This causes 
the solenoid valve -equipped expansion valve 5 to function 

15 as the stop valve for blocking the refrigerant flow 
passage therein, which prevents refrigerant from flowing 
into the rear-side circuit. 

Next, when the rear-side air conditioning system is 
used, the solenoid 13 is energized. This causes the first 

20 core 25 and the second core 26 to be attracted to each 
other and thereby being attached to each other, so that 
the common valve element 24 is indirectly fixed to the 
shaft 19. At this time, since the first core 25 is moved 
toward the second core 26, the common valve element 24 is 

25 moved away from the valve seat 18 to cause high- 
temperature and high -pressure refrigerant supplied from 
the condenser 2 to the port 14 to flow into the port 15 
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through -the gap be 'tween the common valve element 24 and 
the valve seat 18. At this time, the high-temperature and 
high-pressure refrigerant is adiabatically expanded into 
low- temperature and low-pressure refrigerant, which is 
supplied from the port 15 to the rear evaporator 6. 

The rear evaporator 6 causes the refrigerant 
supplied from the solenoid valve-equipped es^ansion valve 
5 to exchange heat with air in the rear side of the 
compartment to thereby evaporate the refrigerant. The 
evaporated refrigerant is returned to the solenoid valve- 
equipped expansion valve 5. The expansion valve 5 receives 
the refrigerant returned from the rear evaporator 6, at 
the port 16, and the refrigerant is returned to the 
compressor 1 from the port 17. At this time, in the 
solenoid valve-equipped eaq>ansion valve 5, the temperature 
and pressure of the refrigerant delivered from the rear 
evaporator 6 are sensed by the diaphragm 20 of the power 
element 12, and the displacement of the diaphragm 20 
dependent on the temperature and pressure of the 
refrigerant is transmitted to the common valve element 24 
via the shaft 19 and the first and second cores 25, 26, to 
thereby control the flow rate of the refrigerant. 

Although in the solenoid valve -equipped es^ansion 
valve 5 described above, the driving force- transmitting 
member for transmitting the driving force of the power 
element 12 to the valve portion is formed by one shaft 19, 
the member may be divided at a desired portion thereof 
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such that the member is formed by two or more shafts . 

F16. 3 is a longitudinal cross-sectional view 
showing an example of the construction of a solenoid 
valve -equipped expansion valve according to a second 
5 embodiment. It should be noted that in FIG. 3, component 
elements identical to or equivalent to those shown in FIG. 
2 are designated by the same reference numerals, and 
detailed description thereof is omitted. Further, 
similarly to FIG. 2, in FIG. 3 as well, so as to 

10 simultaneously show a state in which the solenoid valve- 
equipped expansion valve is functioning as a stop valve 
for blocking a refrigerant flow passage, and a state in 
which the solenoid valve-equipped expansion valve is 
functioning as an ordinary expansion valve whose valve 

15 lift is controlled, as far as a valve element and a 
movable portion of a solenoid are concerned, a right side 
from the center of the figure shows a valve closed state 
of the valve in which the solenoid is deenergized, and a 
left side from the center of the figure shows a state of 

20 the same in which the solenoid is energized and the valve 
is functioning as an expansion valve. 

The solenoid valve -equipped expansion valve 5a 
according to the second embodiment, when used as an 
expansion valve, has a predetermined electric current 

25 supplied to a solenoid 13 thereof, for operation of 
pulling a common valve element 24 thereof away from a 
valve seat 18 associated therewith. The solenoid valve- 
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equipped ea^ansion valve 5a is configured such that during 
this operation, operation of the common valve element 24 
is not adversely affected by pressure of refrigerant 
supplied to a port 14. 

More specifically, the driving force- transmitting 
member for transmitting the driving force of a power 
element 12 to a valve portion is formed by two shafts 31, 
32, and a valve element guide 33. The shaft 31, the valve 
element guide 33, and the shaft 32 are arranged on the 
same axis in the mentioned order. The shaft 31 has an 
upper end thereof brought into abutment with a center disk 
21 of the power element 12, and a lower end thereof 
configured to axially movsQ:>ly guide the common valve 
element 24. The valve element guide 33 has the same 
diameter as that of a valve hole and axially movably 
guides the common valve element 24. The shaft 32 forming a 
drive shaft of the solenoid 13 is urged by a spring 27 
toward the power element 12, Further, a V packing 30 is 
disposed in a space formed between the common valve 
element 24 and a first core 25, whereby internal leakage 
of refrigerant is prevented in which when the solenoid 
valve-equipped expansion valve 5a is closed, high-pressure 
refrigerant introduced into the valve element guide 33 via 
a gap between the first core 25 and the shaft 32 flows 
toward a downstream side of the valve portion through a 
gap between the common valve element 24 and the valve 
element guide 33, and a gap between the common valve 
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element 24 and a shaft 31. 

Since the valve element guide 33 which guides the 
common valve element 24 and has the V packing 30 provided 
therefor has the same diameter as the inner diameter of 
the valve hole, an effective pressure-receiving area of a 
seating portion where the common valve element 24 is 
seated, and an effective pressure-receiving area of a 
portion of the common valve element 24 which slides along 
the valve element guide 33 gas tightly due to the V packing 
are equal to each other, so that no force for urging the 
common valve element 24 in directions of opening and 
closing thereof is generated by the pressure of high- 
pressure refrigerant introduced from the port 14. 
Therefore, when the solenoid 13 is energized to attract 
the first core 25 and the second core 26 to each other, it 
is possible to pull the common valve element 24 away from 
the valve seat 18 only by a solenoid force. This means 
that only a small solenoid force is required for fixedly 
attaching the common valve element 24 to the driving 
force- transmitting member, and hence the solenoid 13 can 
be made coznpact in size. 

It should be noted that the shafts 31, 32 and the 
valve element guide 33 may be formed as separate members, 
or integrally formed as a unitary member. Further, the 
shaft 32 disposed in the solenoid 13 may be configured to 
have the same diameter as that of the valve element guide 
33 to thereby integrally form the shaft 32 and the valve 
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elemexi't guide 33 as a unx'bary member'. 

FIG. 4 is a longitudinal cross -sectional view 
showing an example of the construction of a solenoid 
valve-equipped expansion valve according to a third 
embodiment. It should be noted that in FIG. 4, component 
elements identical to or equivalent to those shown in FIG. 
3 are designated by the same reference numerals, and 
detailed description thereof is omitted. Further, 
similarly to FIG. 2 and FIG. 3, in FIG. 4 as well, so as 
to simultaneously show a state in which the solenoid 
valve-equipped expansion valve is functioning as a stop 
valve for blocking a refrigerant flow passage, and a state 
in which the solenoid valve-equipped expansion valve is 
functioning as an ordinary expansion valve whose valve 
lift is controlled, as far as a valve element and a 
movable portion of a solenoid are concerned, a right side 
from the center of the figure shows a valve closed state 
of the expansion valve in which the solenoid is 
deenergized, and a left side from the center of the figure 
shows a state of the same in which the solenoid is 
energized and the valve is functioning as an expansion 
valve . 

The solenoid valve -equipped e3q>ansion valve 5b 
according to the third embodiment is configured such that 
a function of completely stopping a flow of refrigerant 
and a function of preventing a reverse flow of refrigerant 
from the compressor 1 into the rear evaporator 6 are added 
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to the function of the stop valve of the solenoid valve- 
equipped expansion valve 5a according to the second 
embodiment . 

More specifically, a common valve element 24 has a 
5 flexible annular valve sheet 34 provided at a portion 
thereof via which It Is seated on a valve seat 18. As a 
result, the valve sheet 34 completely seals between the 
common valve element 24 and the valve seat 18 when the 
solenoid valve-equipped expansion valve 5b Is fully closed, 

10 whereby the flow of refrigerant can be completely stopped 
by the function of the stop valve for placing the solenoid 
valve-equipped es^anslon valve 5b In a fully closed state 
when the solenoid 13 Is deenerglzed. 

Further, a check valve 35 Is disposed In a 

15 refrigerant passage between a port 16 for receiving 
refrigerant from the rear evaporator 6, and a port 17 for 
returning the refrigerant to the compressor 1. In the 
Illustrated example, the check valve 35 Is disposed on an 
outlet side of the refrigerant passage via which the 

20 refrigerant flows Into a space communicating with a 
chamber under a diaphragm 20 so as to cause a power 
element 12 to sense the temperature and pressure of the 
refrigerant from the port 16. The check valve 35 Is 
Integrally formed with a leg portion, not shown, guided by 

25 an Inner wall of the refrigerant passage In directions of 
opening and closing of the check valve 35, and at the same 
time urged by a spring, not shown, having a small spring 
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force in the valve-closing direction. The check valve 35 
has a flexible annular valve sheet 36 provided at a 
seating portion thereof via which it is seated on a valve 
seat associated therewith. As a result, when the solenoid 
5 13 is deenergized, and the common valve element 24 is 
seated on the valve seat 18 to completely isolate the rear 
evaporator 6 from the condenser 2, the check valve 35 is 
capable of completely isolating the rear evaporator 6 also 
from the compressor 1. Therefore, when a rear-side circuit 

10 is made inoperative for a long time period, it is possible 
to prevent refrigerant on the compressor 1 side from 
flowing reversely into the rear evaporator 6 to be 
stagnant therein. This makes it possible to prevent 
refrigerant flowing through a front-side circuit from 

15 being decreased in amount to thereby maintain normal 
refrigerating operation . 

Although in the above third embodiment, the valve 
sheet 34 is provided on the side of the common valve 
element 24, of course, it may be provided on the side of 

20 the valve seat 18. Further, the solenoid valve -equipped 
expansion valve according to the present invention is not 
intended to be applied to a refrigeration cycle using a 
particular refrigerant, but it can be applied to 
refrigeration cycles using every kind of refrigerant. 

25 Furthermore, although in the above first to third 
embodiments, descriptions have been given of cases in 
which the solenoid valve-equipped e^^ansion valve 
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according "bo "bhe present Invexi'bion Is applied -bo tJie 
expansion valve of the rear- side air condi'tioning sys-bem, 
i-b is possible bo apply bhe same bo an esqpansion valve on 
a fronb-side air condibioning sysbem arranged in a xaanner 
5 reverse bo bhe FIG. 1 arrangemenb of bhe fronb-side and 
rear-side air condibioning sysbems . Furbher, lb is also 
possible bo configure bhe fronb-side air condibioning 
sysbem and bhe rear-side air condibioning sysbem such bhab 
bhey each have bhe same arrangemenb as bhab of bhe rear- 

10 side air condibioning sysbem shown in FIG- 1, and apply 
bhe expansion valve according bo bhe invenbion bo 
expansion valves in bobh of bhe sysbems . 

As described herebofore, according bo bhe presenb 
invenbion, bhe cosomon valve elemenb in which bhe valve 

15 elemenb of an e3q>ansion valve and bhe valve elemenb of a 
sbop valve are integrally formed as a unibary member is 
configured such bhab i-b can be coupled wibh or released 
from a driving f orce-b.ransmibbing member for bransmibbing 
bhe driving force of a power element; bo bhe common valve 

20 elemeni::, by a solenoid. This makes ib possible bo form a 
compacb solenoid valve -equipped expansion valve in which 
bhe coxmaon valve elemenb funcbions as a sbop valve when 
bhe solenoid is deenergized, and funcbions as an expansion 
valve when bhe solenoid is energized. 

25 Furbher, bhe sbop valve is complebely sealed by a 

valve sheeb, and a check valve for prevenbing refrigeranb 
from a compressor, from flowing reversely bo a rear 
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evaporator is provided in a refrigerant passage returning 
from the rear evaporator to the compressor. This makes it 
possible to completely isolate the rear evaporator from a 
refrigeration cycle, thereby preventing the amount of 
refrigerant used in refrigerating operation from being 
decreased due to stagnation of refrigerant in the rear 
evaporator . 

The foregoing is considered as illustrative only of 
the principles of the present invention. Further, since 
numerous modifications and changes will readily occur to 
those skilled in the art, it is not desired to limit the 
invention to the exact construction and applications shown 
and described, and accordingly, all suitable modifications 
and equivalents may be regarded as falling within the 
scope of the invention in the appended claims and their 
equivalents . 
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